Introduction
The offshore Sanriku area described in this paper is defined as the area from 34°N to 45°N and from 140°E to 155°E, which involves the Kuroshio/Oyashio mixed water region, where the waters of subtropical and subpolar origin meet and interact with each together; this region is thus also called the perturbed region (Kawai, 1972) . It is known that the area contains the Kuroshio Extension (hereafter KE), Tsugaru Warm Current, the Oyashio and several small or meso-scale eddies, forming the Kuroshio warm-core ring (hereafter KWCR), warm water spreading from the Kuroshio, and cold water spreading from the Oyashio. The region contains several types of water mass, each of which may have a different effect on the spring bloom. However it is difficult to use conventional methods to observe the blooming characteristics of the whole offshore Sanriku area during the spring bloom period.
Satellite observation is one of the most useful methods for providing synoptic measurements of the ocean. The Coastal Zone Color Scanner (CZCS) on board the Nimbus-7 satellite launched in October 1978 was the first sensor to be used for ocean color measurements. It measured the ocean color in the global oceans until June 1986. Although about 75% of 500 scenes of CZCS were available in the offshore Sanriku area (Ishizaka and Harashima, 1991) , these data were usually used to develop algorithms for retrieving phytoplankton pigment concentration (Ogishima et al., 1986; Hiramatsu et al., 1987) . Using two CZCS chlorophyll images for the offshore Sanriku area, Hiramatsu et al. (1987) and also Matsumura and Fukushima (1988) described complex structures such as a phytoplankton-rich outer rim of a KWCR, corresponding to a cold streamer and a variety of phytoplankton activity at the southern side of the *Present address: Oceanography and Southern Ocean Resources Division, National Research Institute of Far Seas Fisheries, 5-7-1, Orido, Shimizu, Japan. Kuroshio axis. Saitoh et al. (1996) revealed the seasonal variability of phytoplankton pigment concentration in and around Okhotsk Sea. It has been demonstrated that the ocean color images can provide the fine structure of phytoplankton activities relating to the oceanographic condition in this region, but unfortunately, Japanese oceanographers did not make any extensive use of CZCS data, due to difficulties in data acquision, data handling and oceanographic parameter retrieval.
The Ocean Color and Temperature Scanner (OCTS) on board the ADEOS satellite is a second-generation ocean color sensor which also measured surface temperature. OCTS functioned during November 1996-June 1997, and provided huge amounts of information on chlorophyll a (hereafter Chl-a) and SST in the global oceans. The ADEOS Field Campaign off Sanriku, northwestern Pacific, was carried out from April to June 1997. Many research vessels joined in this campaign and conducted hydrographic observations (Saino, 1998) . The purposes of this paper are to describe the oceanographic condition during the Field Campaign, and to clarify the relationship between the oceanographic condition and the surface Chl-a concentration detected by the OCTS images. cooperative organs of the government and prefectures during the course of its routine work. We used these data to describe the oceanographic conditions in the offshore Sanriku area during the Field Campaign (Table 1) . Temperature maps at depths of 0 m, 50 m, 100 m, 200 m, 300 m, 400 m were made using these hydrographic data. The method used to draw the isotherms was presented by Shimizu and Ito (1996) and Ito and Shimizu (1997) . They developed a flexible Gaussian filter, which is a method for smoothing time and space according to numbers of data in each grid element. Schematic hydrographic maps were constructed by detection of each water mass. The definition of each water mass and the aerial limit of KE and the first Oyashio Intrusions (hereafter FOI) are listed in Table 2 . When a water mass could not be detected by a temperature map at the depth of 100 m or 200 m, SST maps or satellite images were also used to investigate the oceanographic conditions. In this case, each water mass is indicated by a broken line in the schematic hydrographic map.
Data and Method

Hydrographic
In this paper, schematic hydrographic maps and temperature maps of early, middle and late April, May and June, respectively, were made using 30-or 31-day data, centred around the 5th, 16th and 26th of each month, to determine short-term changes in the period of phytoplankton spring bloom in 1997 (Fig. 1) .
In order to characterize fluctuations of KE and the Oyashio in the offshore Sanriku area, we use time series data of the KE northern limit and the southern limit of FOI (Kawai, 1972; Murakami, 1994) . These aerial limits for 1995-1997 were determined by the members of TNFRI according to Murakami (1994) using monthly temperature maps produced from the quasi-real-time data.
To calculate the migration speed of KWCRs, the center positions of a KWCRs were decided from the KWCR shapes drawn in schematic hydrographic maps (Fig. 1) . We then calculated the migration speed (miles per 10 days), which will be discussed in Subsection 3.1.2.
In order to know how stratification of the water column develops, we calculate the daily mean difference between SST and subsurface temperature. First, we selected temperature data from the quasi-real-time data in each water mass region defined by criteria listed in Table 3 , and calculated the temperature difference between the depth of 0 m and 50 m, 100 m, and 200 m at each station. Daily mean difference was then calculated for each day from April to June 1997.
Cruise observation data
In order to clarify the detailed structure of important phenomena which occurred during the Field Campaign, we gathered observation data taken by research vessels (Table Figure 1 shows the schematic hydrographic maps during the ADEOS Field Campaign, from April to June 1997. In the following sections we describe the oceanographic conditions associated with KE, KWCRs and the Oyashio.
Results and Discussions
Oceanographic change during the ADEOS Field Campaign
The Kuroshio Extension
The Kuroshio Extension is denoted by a thick curve with letters KE in Fig. 1 . Figure 3 shows the time series of the monthly mean latitude of the KE northern limit at the first crest off Japan coast, near the 144°E line (after Murakami, 1994) . The KE northern limit fluctuated from 33.2°N to 40.0°N. The KE path has shifted southward in recent years. The thick line in Fig. 3 denotes the 11-month running mean. This line shows the decadal fluctuation of KE. Throughout the analyzed period, the mean position is 36°30′ N. The KE northern limit was located more northerly, at about 37°N in the 1950s and from 1975 to 1980. It was located at about the mean latitude from 1960 to 1975 and in the 1980s. In several recent years, from 1992, it shifted southerly and was located and KWCR interaction occurred. Hokko Maru observed in and around the Oyashio front southeast of Hokkaido. These vessels observed temperature and salinity using CTD systems. Since a part of these data have not yet been calibrated, we will use salinity and DO as reference, and confine ourselves to qualitative discussions.
OCTS data
OCTS Level-3 products have been processed by NASDA (National Space Development Agency of Japan). The products have been examined in detail, and the validation results were presented by Shimada et al. (1998) . OCTS version-3 data were transferred from HDF format to raster image format, then processed with the TeraScan software package developed by SeaSpace Inc. Statistics of Chl-a concentration were calculated using the TeraScan box values calculation function. at about 36°N. In January 1997, the KE northern limit shifted to 33°10′ N, which was the most southward shift ever observed in the recent 43 years.
In early and middle April 1997, KE flowed along 35°N line (Figs. 1a and 1b) . KE joined with KWCR, and the KE northern limit shifted to 37°N toward the end of April (Fig.  1c ). Then the KE northern limit existed from 36°N to 36°30′ N. KWCR involved into KE, kept its identity until late June (Fig. 1i) , and disappeared in July. These phenomena had sometimes been observed in this region earlier (Mizuno 1985; Yokouchi et al. 1993) . Figure 4 shows the vertical sections of temperature and salinity along 144°E in and around KWCR during 10-14 May 1997. In the subsurface layer, a homogeneous layer, which may be a trace of the warm-core (hereafter WC), existed between 35°N to 36°N at depths from 300 m to 500 m. Cold(<5°C)and low salinity(<34 psu) water is seen in the north and south of WC (34°N). Strong geostrophic currents associated with KE are seen at 36°-36°30′ N, 34°-34°30′ N and 33°-33°30′ N in this section. Judging from the T-S relationship (Fig. 5 ) relating to these KE positions, it would appear that the pure Kuroshio water is observed at the stations in KE (33°N) and south of (35°N) and north of (36°N) WC. It can be considered that a part of KE flowed in the north of WC and took it into the Kuroshio just before this observation was made. The surface warm water(>17°C) spread from the southern Kuroshio area (south of 33°N) to 37°N. This surface water spreading is also detected by OCTS images, as will be shown in Subsection 3.2.3.
Another event where KE joined KWCR occurred at the KE second crest, and was observed by R/V Wakataka Maru in May 1997. The second crest was in the south of 36°N and between 148°E to 150°E during mid-April and early May (Figs. 1b-1e) . A KWCR existed in the northeast of the second crest (Fig. 1d) , and joined with KE in mid-May (Fig.  1e) . This KWCR was observed until late June (Fig. 1i) . Figure 6 shows temperature and salinity sections along 149°45′ E observed by Wakataka Maru in late May. There are a couple of KWCRs in the south of KE (35°30′ N). The joined KWCR, as shown in Fig. 1e , was located from 34°15′ N to 35°15′ N, with another one from 32°45′ N to 33°30′ N. They have constant temperature and salinity in the layer from 200 m to 450 m depths.
Kuroshio warm-core rings (KWCRs)
There were several KWCRs in the offshore Sanriku area during the Field Campaign. The two KWCRs joined with KE in late April and mid-May respectively, as described in the previous section. (Fig. 4) , observed by Soyo Maru from 10 to 12 May 1997. The third KWCR was in the northern area of KE. This KWCR stayed at about 36°N, 148°E from early April to early May (Figs. 1a-1d) , and moved westward from early May to late June. The speed of westward migration is 10 to 30 miles/10 days (2 to 6 cm/s). KWCRs in the offshore region east of 145°E line usually move westward (Kuroda, 1987; Inagake, 1997) . The migration speeds of the warm or cold rings in the Kuroshio and the Gulf Stream systems are 1 to 5 cm/s, which is almost the same as the propagation speed of a Rossby wave (Lai and Richardson, 1977; Elliott, 1982; Mizuno and White, 1983; Kuroda, 1987; Inagake, 1997) . The KWCR migration speed of 2 to 6 cm/s for this case is consistent with those found in previous research.
The fourth KWCR was observed south of Hokkaido at about 41°N, 144°30′ E near the Oyashio front. This KWCR is named 93A, because it was first detected in February 1993. KWCR 93A is the most long-lived KWCR in the past 34 years. After KWCR 93A moved westward from the offshore area into the inshore area of Jyoban in 1993, this KWCR mostly moved northward from summer to December and southward from January to March or April until 1997. This migration pattern is commonly seen in the inshore area of Tohoku (Inagake, 1997) . In previous studies, KWCRs south of Hokkaido mostly moved northeastward (e.g. Hata, 1974; Kitano, 1975) . The transition area of the migration between the inshore areas of Tohoku and Hokkaido is located at about 40°30′ N (Inagake, 1997) , where KWCR 93A arrived in 1997. Figure 5 shows the schematic hydrographic maps from January to March in 1997. KWCR 93A migrated northwestward from February to April (Figs. 1 and 7) . Kawai (1989) considered that abrupt northward shifts of the southern limit of FOI are due to the westward migration of KWCR. Inagake (1997) also indicated that there is a good correlation between the FOI northward shift and the KWCR westward shift and/or northward shift, when KWCR exists near FOI. Since the movement of KWCR 93A during March-April cut FOI, the southern limit of FOI shifted northward from 39°N, 142°30′ E in March to 41°40′ N, 143°30′ E in April (Figs. 1 and 7) . From April to June, the KWCR position was stable, except for a southeastward shift from late April to early May.
Oyashio
The southern limit of FOI shifted from 41°10′ N in January to 39°N in March 1997 (Fig. 7) . It shifted northward to 41°40′ N in early April due to the movement of KWCR 93A as described in the previous section.
In April, FOI is usually located in the most southerly area (Mizuno, 1984; Ogawa et al., 1987; Murakami, 1994) . Figure 8 shows the monthly southern limit of FOI (thick line) with standard deviations (small bar) and ranges (perpendicular line) for the period of 1964-1996. The locations of the southern limit in 1997 (circle) are also indicated for comparison. The southern limit shifted southwards from December to April and northwards from April to November (Mizuno, 1984; Ogawa et al., 1987; Murakami, 1994) . In 1997, the southern limit latitude was in the area north of 39°N, being biased to the north beyond the standard deviation of each month. This tendency is remarkable in April, and this FOI became the new record of the FOI northerly position since 1964.
During the Field Campaign, although FOI retained its northerly position, the second Oyashio Intrusion (hereafter SOI) spread southwards. In Fig. 1 , SOI spread southwestwards around KWCR 93A, transporting the cold water to the inshore area off Kinkazan and off the Joban coast (37°N-38°N) during the Field Campaign. Figure 9 shows the OCTS Chl-a images during the ADEOS Field Campaign, from April to June 1997. The characteristics of these images will be described for each area in relation to the oceanographic conditions.
OCTS images during the ADEOS Field Campaign
Oyashio front
A high Chl-a concentration was observed south of the Sakhalin in the Okhotsk Sea, east and southeast of Hokkaido in April 3, 1997 (Fig. 9a) . From April 10 to 15 (Figs. 9b to  9d) , it was seen in the coastal area east and southeast of Hokkaido and the offshore area along the Oyashio front, which was between KWCR 93A and the Oyashio area (Fig.  1) . It was always observed along the Oyashio front during the Field Campaign (Figs. 9a-9r) . From April 19 to 26 (Figs. 9e to 9g), the high Chl-a concentration area moved offshore in the Okhotsk Sea, but remained in the coastal area east of Hokkaido. In April 26 (Fig. 9g) , the Chl-a distribution pattern in the Okhotsk Sea was similar to that in April 19 (Fig. 9e) though the Chl-a value became smaller. Also, the high Chl-a concentration area shifted into the coastal area southeast of Hokkaido, spreading to the offshore area through the Oyashio front (Fig. 9g) . From these images (Figs. 9a to  9g) , it seems that high Chl-a area moved from Okhotsk Sea to the offshore area southeast of Hokkaido through the Hokkaido coast and the Oyashio front. Kasai et al. (1997) indicated that, in April, the spring bloom was observed first in the Oyashio and the Coastal Water Masses in 1990 to 1992, and continued to May in 1991 and 1992. In their figure, the Chl-a concentration in the coastal area was higher than that in the offshore Oyashio water, both values lying between 5 to 16 µg/l. They also showed a significant positive relationship between log- 1964 -1996 periods (after Murakami (1994 ). Solid circle denotes southern limit of the first Oyashio Intrusion in 1997. transformed surface Chl-a concentration and maximum density gradient within the euphotic layer. Yoshimori et al. (1995) showed that the start of the spring bloom in the western subarctic Pacific was mainly determined by the vertical stability of the surface layer in winter using a onedimensional ecosystem model. It can be considered (personal communication from T. Kono) that the reason for the spring phytoplankton bloom in the Oyashio region is stratification of the water column due to low salinity water spreading from the Okhotsk Sea. In fact, the development of stratification in the spring 1997 was also seen in the Oyashio area, as revealed by Kofu Maru sections observed from April 29 to May 14 (Hakodate Marine Observatory, 1997) and by the Hokko Maru section (the A-line), observed from May 11 to 13 (Fig. 10) . It is strongly suggested that the blooms in the Oyashio area are commonly associated with development of the density stratification. However, the Chl-a concentration appearance in spring 1997 displayed different features from the common picture. Kasai et al. (1998) observed the highest Chl-a concentration ever to have been observed in their repeated observation line (A-line), and the high concentration area first appeared in the offshore area, although it usually starts from coastal area.
In Fig. 10 , temperature and salinity fronts coinciding with the Oyashio front were observed at Stn. A15 to A16 from the sea surface to a depth of 400 m. However, there was no typical density front in the surface layer from Stn. A15 to A16, and a pycnocline was observed at a depth of 30 m to 80 m in all stations along A-line. If the stratification is the most important reason for the spring blooms in spring 1997, a high Chl-a concentration must be observed in all of these stations. Since it was observed only in the coastal and the Oyashio areas, we may assume there was another reason for the appearance of the high Chl-a concentration area, limited in the north of the Oyashio front along the A-line.
The Hakodate Marine Observatory (1997) displayed the vertical sections of temperature, salinity, density and Chl-a concentration along 41°30′ N, 144°E and 147°E lines observed from April 29 to May 14. They showed that Chla over 20 µg/l was observed at 42°N, 144°E (the coastal area southeast of Hokkaido) with a weak northwestward flow of to 9k). High values (over 5 µg/l) were observed in this area from May 30 (Fig. 9n) . Saitoh et al. (1996) showed that the spring bloom occurred in June in this area, using monthly CZCS images. This is consistent with the present result. In order to examine the relationship between stratification and high Chl-a occurrence, Fig. 11 shows daily mean differences between temperatures at the depth of 0 m and at depths of 50 m, 100 m, and 200 m for the western Oyashio front (Fig. 11a ) and the Oyashio water in the upstream area (Fig. 11b) . This difference is used for an index of stratification in a water column. Although there were not so many data in the upstream area, there is a tendency that the stratification began in early June, and the difference increases from 1 to 4°C in June (Fig. 11b) . In contrast, in the western Oyashio front, the stratification began from early May, and the difference became about 4.5°C in early June. It is speculated that this time lag of the stratification development between the upstream area and the western Oyashio front may result in the time lag of the spring bloom in both areas.
Kuroshio area
The Chl-a values in KWCR joined with KE were low (less than 1 µg/l) during April 10 and 14, but the surrounding area had a Chl-a higher than 2 µg/l (Figs. 9b and 9c) .
During April 25 and 26 (Figs. 9f and 9g) , water with Chl-a less than 0.5 µg/l spread northward along 143°E line from the Kuroshio area to 36°N, where the northern edge of about 0.5 kt, at 41°30′ N, 144°40′ E (near the Oyashio front to the northeast of KWCR 93A) with a strong eastward or southeastward flow over 1.0 kt, and at 40°N, 147°E (near the southern edge of the Oyashio area) with a strong eastward or southeastward flow of about 0.8-0.9 kt. The high concentration site with Chl-a over 5 µg/l at 40°N, 144°E (near SOI south of KWCR 93A) was accompanied by a strong southwestward flow over 1.0 kt. The surface waters in all of these area were characterized by low salinity (<33 psu) and high dissolved oxygen(>350 µmol/l). These observations and the movement pattern of high Chl-a concentration area in Fig.  9 strongly suggest that the water with the high Chl-a concentration (e.g. Fig. 9g ) was spread from the Okhotsk Sea along the east coast of Hokkaido by the Soya warm current, and then along the front of KWCR 93A from coastal area to offshore area, i.e., the south edge of the Oyashio area and the SOI area. We can consider that not only the stratification but also the transportation by advection is important for the formation of high Chl-a concentration in the Oyashio frontal area in 1997.
The Oyashio upstream area
In the Oyashio upstream area south of the Kuril Islands, with the exception of part of the coastal area, Chl-a concentration was less than 1 µg/l in April 3 to May 7 (Figs. 9a KWCR existed (see Fig. 1c ). Water with Chl-a 0.5 to 1 µg/l spread from the northern edge to 37°N, which is considered to be KE (Fig. 1c) .
From April 26 and 29 (Figs. 9g and 9h ), along the Kuroshio front, water with Chl-a higher than 2 µg/l was observed in the inshore area of the Kuroshio around the Izu ridge and off the Boso Peninsula, and lower values (less than 1 µg/l) were seen in the KE offshore area. In the KE offshore area, the concentration became high (>2 µg/l) along the KE front in the area of 34°to 36°N and 144° to 146°E from April 29 to May 18 ( Fig. 9h to 9m) , and also in the area around 36°N, 150°E from April 30 to June 6 (Figs. 9i and 9p) .
KWCR 93A
The Chl-a concentration in KWCR 93A was usually less than 1 µg/l from April to May (Figs. 9b to 9l) , and then became higher than 1 µg/l from June 6 to 18 (Figs. 9p to 9r) . The daily mean differences between the temperatures at the surface and the subsurface were small in April and May, increasing from early June in KWCR 93A (Fig. 12a) . The stratification developed from early June. The surface temperature in KWCR 93A became increasingly warmer from late May, but the subsurface temperatures were almost constant (Fig. 12b) , which means that the subsurface water was not strongly affected by the surrounding waters. This observational evidence suggests that the development of stratification due to seasonal warming may be an important factor underlying the spring bloom in KWCR 93A during the Field Campaign.
Warm water in the mixed water region
In the coastal area off the Jyoban coast around 37°N, 141°E, high Chl-a was observed along the coast on April 10 and 14 (Figs. 9b and 9c) because the warm water area became narrower, being influenced by the westward shift of KWCR (Figs. 1 and 7) . When KWCR joined with KE in late April and low-Chl-a water spread northward along the KE crest (Subsection 3.2.3), the Jyoban coast was also flooded with relatively low-Chl-a water and the high Chl-a area disappeared (Figs. 9f to 9g) . A high concentration area was observed again from early May in the Jyoban coastal area (Figs. 9k to 9o) .
This second Chl-a increase seems to occur due to the transportation of high Chl-a water from the inshore area of the Kuroshio toward the Jyoban coast. Figures 9g to 9o show the high Chl-a area (>2 µg/l) distributed along the Kuroshio front through the crest around Izu ridge (34°30′ N, 140°E; Fig. 9g ), the trough (32°30′ N, 141°E; Fig. 9h ), east of Boso Peninsula (35°N, 142°E; Fig. 9i ), and the crest off Jyoban (36°N, 142°30′ E; Fig. 9k ). These short-term variations suggest that the Jyoban coastal water was usually affected by surrounding water advected by KE.
Conclusions
We have been able to describe the oceanographic conditions and their relation to OCTS ocean color images during the ADEOS Field Campaign, the blooming period in 1997.
These results indicate that the OCTS images are useful for gaining a knowledge of the distribution and fluctuation of Chl-a concentration. So we will be able to use the OCTS data to estimate the phytoplankton biomass in relation to fishing ground formation, fish resources, etc.
In this paper it has been suggested that the spring bloom commonly corresponded with the development of stratification in the water column due to seasonal warming in the Oyashio upstream area and KWCR 93A. However, it was also suggested that the transportation of the high Chl-a concentration water by advection due to strong currents, like the Kuroshio and the Oyashio, is also important for formation of the high Chl-a concentration area. A study of the interactions between the seasonal stratification and the water advection in terms of the spring bloom in this region is left for future studies.
